2o735o Asian influence over the western North Pacific during the fall season: Inferences from lead 210, soluble ionic species and ozone
. This transport pattern, combined with increasing industrialization in the Asian region, suggests that anthropogenic emissions in Asia may play an increasing role in the composition of the atmosphere over the western North Pacific. et aL, 1989; Cain et al., 1993; T95] . The nozzle ID increased from 0.7 to 5.0 cm over a length of 23.0 cm and then attached to 5.0-cm ID seamless stainless steel inlet tubing. This tubing bent 45°with a 46-cm radius of curvature to penetrate the fuselage.
BOth aerosol probes were mounted on the same 62°port on the upper left side of the DC-8, 1194 cm from the nose of the plane. Air velocity within the shrouds was monitored with pitot tubes within the shroud and the static air temperature measured by GTE project instrumentation and was found to be essentially equal to the true air speed. Sampling flow rates were adjusted to ensure that air velocities through the nozzles were within 5 -10% of true air speed at all altitudes.
Integrating linear mass flow meters_ (Teledyne-Hastings Radist) were used to measure flow rates and the volume of air sampled.
Analysis
The filters for soluble ionic analyses were extracted in the field within 12 hours of each flight, following procedures that have been previously described [Talbot et aL, 1986 [Talbot et aL, , 1992 . These extracts were analyzed for anionic species by ion chromatography immediately after extraction. Aliquots preserved with chloroform were subsequently analyzed for cationic species, again by ion chromatography, in the laboratory at the University of New Hampshire (UNH) after completion of the mission.
All filters for radionuclide analyses were subjected to nondestructive gamma spectrometry at UNH within 2 -4 weeks of collection to quantify _Be activities [Dibb, 1990a; Dibbet al., 1992] .
(Groups of filters were express mailed to New Hampshire from the field sites at weekly intervals.) Uncertainties in 7Be activity due to counting statistics were below 20°/, for 16-hour counting periods when the activity exceeded 100 fCi m 3 but increased for samples with lower activity. The small air volumes sampled precluded quantification of 2t°Pb by direct gamma counting. We determined z_°Pb activities by alpha spectrometric determination of 21°Po (with Z°_Po tracer added and plating onto Ag planchets) [Flynn, 1968; Dibb, 1990b] after allowing 1 year for 21°po
ingrowth.
The zt°po/Zt°Pb ratio will be 85-90% of its value at secular equilibrium al_er 12 -14 months (the last samples were processed 2 months after the first), assuming that the aerosols were so young at collection that no 2'°Po was present. We did not correct the zt°pb activities reported below for this departure from equilibrium, hence they may be as much as 10 -15% low. The sensitivity of this technique is quite good and can be improved simply by accumulating counts for a longer time period, provided the background count rate is low and stable. (In theory, the same is true for gamma spectrometry, but the short half-life of 7Be precludes very long counting periods, particularly when there is a sample backlog.) For this study, four samples were counted concurrently until the uncertainty due to counting statistics of the least active sample in each group dropped below 15%, or 8 days had passed. Most samples were counted 3 -6 days, with I/4 having uncertainties of 14 -15% and the rest lower.
Detection limits for the aerosol-associated species were defined as 2 times the standard deviation of the concentration of each analyte determined in 40 blank filters, generated at a rate of at least 2 for each flight, divided by the volume of air collected for a particular sample. For the mean volume of air sampled during PEM-West A (8.9 m -3 STP per sample), detection limits would be 0.5 fCi 21°Pb m 3 STP, 10 fCi 7Be m 3 STP, 30 pptv CI, 5 parts per trillion by volume (pptv) NO3", 9 pptv SO4 =, 1 pptv MSA, 2pptv C204 =, 20 pptv PO43, 40 pptv Na ÷, 25 pptv NH4+, 17 pptv K ÷, 6 pptv Mg 2÷, and 14 pptv Ca 2+. Analytical details for other species discussed in this paper are provided in companion papers in this issue. All of the data are arehived at and available from the NASA/GTE project office.
Results
A total of 98 aerosol samples were collected during PEM-West A. All of the samples had 2_°Pb activities that could be quantified by our techniques, while 7Be and SO4 _ were quantified in 82 and 90 samples, respectively. Nitrate and NH4 ÷ mixing ratios were also high enough to quantify in more than I/2 the samples, but all other soluble ionic species were below our detection limits more often than not (Table  1) . Mean concentrations of all aerosolassociated species, except 7Be, were higher in the 0-to 2-km altitude range than at higher elevations. This difference would be accentuated for most of the ionic species if all samples below detection limit were included in the averaging process (Table 1) . We expected 2_°Pb activities to decrease rapidly with altitude and 7Be activities to increase. However, the observed contrasts between boundary layer and free tropospheric activities of 7Be and z_°Pb were quite small. Nearly 1/2 of the samples above 2 km were collected between 6 and 13 km where 2_°Pb activities near or below 2 fCi ms STP were expected [e.g., Moore et al., 1973; Lambert et al., 1982] , yet the PEM-West A mean was 4 fCi m 3 STP (Table 1) . Middle and upper troposphere mean 7Be activities in the 400 -1000 fCi m "3range have been previously reported for several regions [Bhandari et aL, 1966; Dutkiewicz and Husain, 1979, 1985; Dibb et al., 1992] ; the mean measured over the western Pacific is more than twofold lower than these values (Table 1 ). This aggregated overview suggests "too much" 2t°Pb alad "too little" 7Be were present in the free troposphere over the western Pacific. use a combination of meteorological analyses and chemical tracers to identify periods when the DC-8 was clearly sampling air that had been over land within 5 days before it was encountered (continental) or had not passed over land in the previous 10 days (marine), respectively. We adopt the same air mass classifications to stratify the aerosol composition data (Table 2) . Nitrate, SO4_, and NH_ + were the only soluble ionic species detected above the boundary layer in this subset of the data. These three species plus Na ÷ and Mg 2÷were slightly enhanced in northern versus southern hemisphere marine boundary layer air. Free-tropospheric marine air in the northern hemisphere showed NH4* enhancement relative to that from the southern hemisphere.
Many of the PEM-West
Not surprisingly, continen- "A total of 73 filters were collected at altitudes above 2 km Eight of these were on the transit flights at altitudes between 9.8 and 11 km, in the lower stratosphere or upper tropospheric air with large stratospheric influence.
These filters were not analyzed for 2_°Pb, nor were the 7Be concentrations included in the averages above. Including the mean 7Be concentration on these eight filters (2134 fCi m _ STP) raises the overall mean above 2 km to 428 fCi m _ STP. 
Discussion
Binning the aerosol data by altitude band and air mass type ( Scatterplots of 03 versus 2_°Pb for each altitude/location bin provide a closer look at the apparent similarity of the variation with altitude of these two species (Figure 3 ). Near Asia there was a tendency for covariation of 2_°pb and O3 at all altitudes. Below 8.5 km a I fCi m "3 STP increase of 2_°Pb was associated with an unexpectedly consistent 2.4 parts per billion by volume (ppbv) increase in the O 3 mixing ratio. Similar trends were found over the remote Pacific in the boundary layer and in the 7-to 8.5-km range (Figure 3 ). Ozone mixing ratios decrease less than 2J°Pb activities between 7 and 8.5 km and higher altitudes in both regions, but the two species continue to covary (Figures 1 and 3) . Daum, 1991; Picketing et al., 1992] .
We hypothesize that frequent wet convection over Asia during the autumn season characterized in PEM-West A was the mechanism responsible for the free tropospheric aerosol distributions and 2=°Pb-O 3 relationships described above.
On the other hand, stratospheric air is also enriched in O3 and depleted in aerosols, suggesting that injection of stratospheric air into the middle troposphere could account for the altitude distributions we observed. However, stratospheric ozone should be accompanied by 7Be
[Dutkiewicz and Husain, 1979 Husain, , 1985 . Strong correlations were seen between 7Be and 03 on three of the transit flights during PEM-West A (flights 4, 5, and 21) but were notably lacking on the flights over the western Pacific (Figure 4 ) Enhanced 2t°pb concentrations below 2 km altitude, both near Asia and over the remote Pacific, were accompanied by elevated NO3, SO4=, and NH4 ÷ concentrations ( Figure  1 The
PEM-West
A data set allows a preliminary assessment of these hypotheses.
The filter sampling technique used at the remote island sites is felt to efficiently collect HNO3 in addition to aerosol NO 3 [Savoie et al., 1989] . If atmospheric nitrate is considered to be the sum of NO3and HNO3, the PEM-West A atmospheric nitrate data show little or no relationship with 2_°pb when results from all altitudes are considered ( Figure 5 ). It may be that the previously noted stratification of the free troposphere during PEM-West A is obscuring any relationships that are present. The vertical distribution of 2t°pb in the two regions over the western Pacific is compared to those of all measured reactive N species in Figure 6 . Near Asia, all of the N species except PAN are enhanced in the boundary layer relative to the free-tropospheric air just above (Figure 6a ), but we do not consider that the n°Pb enhancement in the boundary layer is related to wet convection (see above). Aerosol NO3, NO x, and NOy also increase in the highest-altitude bin near Asia, where 2_°Pb concentrations are the lowest of the entire profile. High-altitude aircraft traffic may be an important source of reactive N in this region [e.g., , 1993] . Over the remote western Pacific, modest enhancement of 2t°pb concentrations in the boundary layer are accompanied by slightly elevated NO 3 concentrations, but concentrations of the other N species are quite low (Figure 6b ). Relatively large enhancements of NO x and NOy near 8.5 km over the remote western Pacific correspond to proportionally smaller increases in 2_°Pb and PAN concentrations.
Kasibhatla
Overall, the correspondence between 2_°Pb and NO 3 or HNOj appears to be weak.
Scatterplots of atmospheric nitrate versus 2_°Pb for each latitude/region bin reinforce the impression that no consistent strong relationships exist in the PEM-West A data set. Atmospheric nitrate and 2t°pb concentrations only covaried in the boundary layer over the remote western Pacific (Figure 7) . It is possible that turn decay to 2_°pb occurs more quickly than the conversion of NO x (from the boundary layer or lightning) to nitrate, but similar plots of NOx and NO r against 2'°pb (not shown) also indicate little or no correspondence. However, PAN concentrations tended to covary with those of 2_°Pb at all altitudes near Asia and in the 7to 8.5-km bin over the remote western Pacific (Figure 8) 
scavenging.
None of the soluble aerosol-associated species except NO 3 increased with altitude, suggesting they were scavenged at some point in the history of this air mass when 2t°Pb and nitrate were still present in the form of insoluble precursors. As we have seen, wet convection over continents appears the most likely mechanism that could enrich 21°Pb relative to other aerosolassociated species in free tropospheric air over the ocean. In this particular air mass, greater than one week removed from last direct continental influence, atmospheric nitrate variations with altitude correspond to those of 21°Pb.
Summary and Conclusions
The atmosphere over the Pacific Ocean just east of the Asian continent and in a broader region centered on Guam was sampled from the NASA AMES DC-8 in September -October 1991. Only a few weeks were spent in any given region, so the findings must be regarded as a series of snapshots of atmospheric composition that resulted from the specific meteorological conditions prevailing during the period of the PEM-West A mission. This paper has focused primarily on the composition of aerosols. Despite the short-term nature of the investigation the findings appear to be consistent over large geographic regions and with a conceptual model relating deep wet convection over Asia to the composition of the free troposphere downwind over the western Pacific ocean. 
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